The provision of nutrient-dense complementary foods is essential to ensure an infant's nutrient requirements are met. Yet often, relative to recommendations, traditional complementary foods have low levels of nutrients, suggesting a role, for fortified manufactured baby foods, in ensuring dietary adequacy. In this review, the potential benefits and safety of using fortified manufactured baby foods versus traditional foods alone are evaluated based on evidence from food composition data, diet modeling and intervention studies. Results from the food composition data and diet modeling suggest that ensuring a nutritionally adequate complementary feeding diet based on traditional foods alone is difficult. Conversely, except for biochemical iron status, intervention trials do not show consistent benefits, for growth or biochemical zinc or riboflavin status, with the use of fortified manufactured baby foods versus traditional foods alone. The safety of manufactured baby foods will depend on food preparation practices and the presence of effective governmental regulatory infrastructures. Hence, in environments where fortified manufactured baby foods are expensive, unavailable or where there is an absence of effective governmental regulatory infrastructures, the use of traditional foods is advised. Conversely, where affordable manufactured baby foods are available, marketed safely and fortified appropriately, their use is likely to result in improved nutrient intakes and infant biochemical iron status. In all environments, the promotion of breastfeeding, active feeding and high levels of hygiene is essential to ensure optimal nutritional status.
Introduction
The complementary feeding period is when children are most vulnerable to malnutrition and its associated adverse affects on health, growth and Nutritional Quality and Safety development [1] . Infants and young children, living in resource-limited environments, are particularly vulnerable to malnutrition, which is reflected in growth faltering between 6 and 24 months of age [1] . Consequently, international organizations, such as the World Health Organization (WHO), emphasize the importance of providing sufficient quantities of safe, nutritionally adequate and age-appropriate foods to complement breast milk intakes [1] . Nevertheless, for some nutrients, the amounts required from complementary foods are high relative to their contents in traditional foods, and antinutrients in these foods may modify nutrient absorption or digestion [1, 2] . Hence, strategies, such as fortification, may be necessary to increase the nutrient density of complementary feeding diets, suggesting a role, for fortified manufactured baby foods, in reducing rates of malnutrition. Furthermore, the processing of manufactured baby foods may reduce cooking times or levels of pathogenic micro-organisms, as well as inactivate enzymes or antinutrients to enhance the convenience, taste, digestibility or nutritional quality of the foods [1] . Consequently, for improving infant nutritional status, the use of fortified manufactured baby foods, in comparison with traditional foods alone, may be advantageous. However, evidence of such advantages, especially in resourceconstrained and contaminated environments, is required. This review will, therefore, evaluate the potential benefits and safety of using fortified manufactured baby foods versus traditional foods alone, in resource-constrained environments, by examining evidence from food composition data, diet modeling, and intervention studies. It will begin with a description of traditional complementary feeding diets, in resource-constrained environments, and the extent to which manufactured baby foods are currently being used. It will then evaluate whether the use of fortified manufactured baby foods versus traditional foods alone is likely to improve dietary adequacy or infant nutritional status. Finally, safety considerations, for the use of manufactured baby foods versus traditional food alone, in resource-constrained environments, will be discussed.
Complementary Feeding Diets and the Use of Manufactured Baby Foods
In resource-constrained environments, complementary feeding diets are generally low in fruits, vegetables and animal source foods, and in comparison with affluent environments, the staple foods provide a high percentage of dietary energy (e.g., 73% in Malawi vs. 13% in New Zealand [3; unpubl. data] ). In many countries, these staple foods are served as thin gruels prepared from cereals, roots or tubers, which have low densities of energy and nutrients [4, 5] . Their nutritional quality can be improved, however, via the use of nutrientdense traditional foods, which depending on the country and population's affluence may include legumes, vegetables, fruits, milk, yoghurt, meat, liver, eggs or fish [2, 4, 5] .
Ferguson/Darmon
In some resource-constrained environments, manufactured baby foods, whether they are commercially available or freely distributed as food aid, are regularly consumed [2, [4] [5] [6] [7] [8] [9] [10] . For example, over 20 years ago, close to 20% of 6-month-old periurban and rural Northern Thai infants [8] , and 21% of 4-to 6-month-old low-to middle-income infants in Nairobi were consuming commercial infant cereals [10] . More recently, in Guatemala, an estimated 80% of high-income and 50% of low-income infants were consuming Incaparina, a fortified commercial manufactured cereal-legume blend actively promoted to improve infant nutrition [9] . Similarly, in South Africa, 80% of black and 70% of colored 6-to 12-month-old urban infants and 55% of rural infants regularly consumed commercially manufactured baby foods [6, 7] . The types of manufactured foods these infants consumed included jarred baby foods, in some countries [6, 7] , and, in most countries, roasted or extruded mixtures of cereal and legumes flours, some of which include oil, milk powder, dried fruits/vegetables or vitamin/mineral mixes [4, 9, 11] . Furthermore, in South Africa, commercial infant cereals were consumed more often than nutrientdense nondairy animal source foods (i.e., 17% of infants consumed animal source foods vs. 55% for commercial infant cereals) [6] . Indeed, a low consumption of nondairy animal source foods is characteristic of complementary feeding diets in many countries, including resource-affluent countries (median 5% energy from animal source foods in the diets of 6-to 24-month-old breastfeeding New Zealand infants; unpubl. data). Similar to South Africa, in New Zealand complementary feeding diets, more dietary energy was obtained from manufactured baby foods than from nondairy animal source foods (median 46 vs. 5% energy; unpubl. data). Thus, based on studies from diverse countries, it appears that as long as manufactured baby foods are available and affordable, they are well-accepted; presumably for reasons of convenience, ease of preparation, organoleptic qualities or perceived health benefits, i.e. factors that motivate food choices a caregiver makes [2] .
Nutrient Density and Dietary Adequacy
To evaluate the nutrient adequacy of complementary feeding diets, when breast milk intakes are not quantified, nutrient densities can be used to identify potential 'problem nutrients' [12] . Using this index, dietary data from Africa (Malawi, South Africa), the Asian-Pacific region (Indonesia, Bangladesh, the Philippines) and the Americas (Peru, Guatemala) consistently show low densities of calcium, iron and zinc, i.e. often Ͻ50% of the WHO recommended levels [6, 12, 13; unpubl. data] . In some countries, marked deficits were also apparent for vitamin A, thiamine, riboflavin and niacin, and, for younger infants, vitamin B 6 [13; unpubl. data] . Even in the USA and New Zealand, the iron densities of complementary feeding diets are well below the WHO recommendations [12; unpubl. data].
Traditional vs. Manufactured Baby Foods
These results are not surprising, when the nutrient densities of complementary foods fed to 6-to 11-month-old infants, in Asia, Africa or Latin America [14] [15] [16] , are compared with WHO recommended levels [12] . As shown in table 1, less than 15% of the 115 foods examined achieved the recommended nutrient density levels for calcium, iron and zinc. Furthermore, when all 12 nutrients were examined by food groups, except for protein and copper, less than 30% of cereals, which are the staple foods in many countries [4, 5] , achieved the recommended density levels [12] . Even traditional recipes that were enriched with nutrient-dense foods rarely achieved the WHO recommended densities of iron, calcium, zinc, niacin and vitamin A (table 1; Ͻ20% of 23 recipes from Ghana, Malawi, Ethiopia, India, Papua New Guinea, the Philippines or Thailand [14] ). Likewise, recipe trials from Haiti showed that to achieve WHO recommended nutrient densities, for iron and zinc, it was necessary to use a fortified manufactured cereal blend, and the recommended levels were only achievable for the older 12-to 23-month infants [2] . Clearly, based on food composition data alone, these analyses suggest that, for complementary feeding diets, it will be difficult to achieve WHO recommended nutrient density levels [12] using traditional foods alone.
Dietary surveys and diet modeling have shown similar results. Dietary data (24-hour recall) collected from 6-to 12-month-old rural South African infants (n ϭ 475) showed significantly higher nutrient intakes among infants consuming fortified manufactured baby cereals compared with infants not consuming them [6] . Nevertheless, because intergroup differences, in overall diet composition, may have influenced diet quality, it is also noteworthy that similar results were shown via diet modeling. Indeed, a detailed study, using linear programming analysis and dietary data collected from 6-to 11-month-old Ghanaian, Bangladeshi and Latin American infants, showed that without the use of fortified foods or unrealistic amounts of animal source foods, recommended dietary nutrient intakes are difficult to achieve [15] . In these models, for nonbreastfed infants, the calcium, iron and zinc constraints were the most difficult to achieve. Similar results, for modeled diets of breastfed and nonbreastfed infants, were also found elsewhere [17, 18; Ferguson and Darmon, unpubl . data].
Dietary surveys and diet modeling, therefore, strongly suggest that the use of fortified manufactured baby foods versus traditional foods alone will improve dietary adequacy. However, because the nutrient requirements of infants are not well-established, errors exist in food composition tables and interactions among dietary and nondietary factors influence nutritional status [1, 12] ; biochemical or functional evidence of improved nutritional status with the use of fortified manufactured baby foods versus traditional foods alone is required from randomized controlled intervention trials. Furthermore, dietary data from South Africa [6] indicate that, as a cost-saving measure, inappropriate dilutions of commercial manufactured baby foods may occur, in resource-constrained environments, which will reduce their potential nutritional benefits. 0  0  100  83  17  17  100  33  100  100  Animal  21  100  19  10  29  86  29  81  48  71  24  14  19  Legumes  14  100  14  14  43  100  79  50  21  64  0  14  93  Fruit and veg  30  80  33  17  13  90  73  67  57  77  70  87  77  Enriched 3  23  91  4  0  0  100  52  39  4  65  13  39  13 1 Foods from Ghana, Bangladesh or Latin America [15] ; the Philippines [16] ; Ghana, Malawi, Ethiopia, India, Papua New Guinea, the Philippines or Thailand [14] , and unpublished data from Indonesia. 2 The number of foods examined within each food group. 3 Gruels enriched with nutrient-dense foods using recipes from Ghana, Malawi, Ethiopia, India, Papua New Guinea, the Philippines or Thailand [14] .
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Evidence from Intervention Trials
Four types of community-based intervention trials were reviewed, which were studies that evaluated the biochemical or functional benefits of using (a) a fortified manufactured baby food, (b) modified food preparation practices, (c) vitamin A-rich foods, or (d) education-supported dietary diversification (see tables 2-4). Of the 19 studies reviewed [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] , 14 used a randomized control design and 5 used a quasi-experimental design. They were carried out in Africa (n ϭ 7), Asia (n ϭ 5), Latin America (n ϭ 6) or in multiple areas (n ϭ 1). In all studies, except 2 [28, 29] , the participants were less than 3 years of age (see tables 2-4).
Fortified Manufactured Baby Foods
Of the 19 intervention studies, 8 investigated the nutritional benefits of using a fortified manufactured baby food versus traditional foods alone (see table 2), although only one makes comparisons with a traditional diet enriched with a nutrient-dense food [19] . In this latter 6-month randomized control intervention trial, 6-month-old Ghanaian infants were randomly assigned to one of four intervention diets, including a fortified infant cereal (fortified Weanimix, a maize-soybean-groundnut blend) and an enriched traditional diet (fermented maize ϩ fish powder) [19] . At 7 months of age, marked improvements in intakes of iron, zinc, vitamin A and riboflavin were observed in the fortified group but not in the other groups (8-25 times vs. 0-2.1 times higher). Similarly, at 12 months of age, the consumption of a fortified infant cereal prevented an increase from baseline, in the prevalence of suboptimal biochemical iron and vitamin A status (i.e., 18-11% for ferritin and 35-10% for plasma retinol in the fortified group vs. 14-57 and 22-28%, respectively, in the enriched traditional diet group; p Ͻ 0.05). There were no significant intergroup differences in growth or biochemical zinc or riboflavin status [19] .
Similar results were observed in South Africa. In a 6-month, randomized controlled trial, 6-to 12-month-old South African infants were randomly assigned to either a fortified or an unfortified maize porridge group. After 6 months, significantly higher biochemical indices of iron and vitamin A status were observed in the fortified versus the unfortified group (intervention effects of 9.4 g/l, p ϭ 0.001 for ferritin; of 9 g/l, p ϭ 0.001 for hemoglobin, and of 0.14 mol/l, p ϭ 0.02 for serum retinol), without corresponding intergroup differences in growth or biochemical zinc status [20] . Likewise, in the other four trials reviewed, which examined biochemical iron status [21] [22] [23] 26] , all trials except one (table 2) [23] showed that the use of an iron-fortified manufactured food positively affected hemoglobin concentrations via either improved status [22, 26] or the prevention of a decline in levels [21] , although a corresponding response in ferritin was not always observed [22, 23] . In the one negative trial, participants were older and the intervention period was FMBF ϭ Fortified manufactured baby food; RCT ϭ randomized control trial; BF ϭ breastfed; ZPP ϭ zinc protoporphyrin; EGRAC ϭ erythrocyte glutathione reductase activation coefficient; IDA ϭ iron deficiency anemia; MCV ϭ mean cell volume; TS ϭ transferrin saturation; Quasi-expt ϭ quasi-experimental. 1 Age at the beginning of the intervention period. Quasi-expt ϭ Quasi-experimental; RCT ϭ randomized control trial; MCV ϭ mean cell volume; TS ϭ transferrin saturation. 1 Age at the beginning of the intervention period. 2 Available iron assessed via an in vitro dialysis assay. 3 Gruel ϭ Finger millet (germinated or not), kidney beans (germinated or not), roasted groundnuts, dried mango purée. RCT ϭ Randomized control trial; BF ϭ breastfeed; ASF ϭ animal source foods; CF ϭ complementary feeding; Quasi-expt ϭ quasiexperimental. 1 Age at the beginning of the intervention period. shorter than in other trials, and a legume instead of a cereal was fortified (see table 2 ). Such interstudy differences, particularly the length of the intervention period, may have contributed to the lack of a response in Guatemala. Similarly, two of the three studies that examined vitamin A status [19] [20] [21] showed an associated improvement in biochemical vitamin A status with the use of a manufactured baby food fortified with vitamin A. Again, compared with the two trials that showed positive results [19, 20] , the one trial with negative results [21] had a shorter intervention period (see table 2 ).
In contrast, for all trials reviewed, the use of a fortified manufactured baby food was not associated with consistent improvements in growth (table 2) [24] [25] [26] , which, in India, was partially attributable to higher levels of dysentery and fever in the intervention compared with the control group [25] . In the Indian study, an instant fortified manufactured baby food was used, cautioning against its use in a contaminated environment. Clearly, in these environments or under the intervention trial study conditions, other dietary or nondietary factors were limiting growth.
Similar to growth, biochemical zinc or riboflavin status did not respond to the use of a fortified manufactured baby food in the trials in which they were examined [19] [20] [21] . For zinc, plasma zinc levels at baseline were high in the Ghanaian trial (around 15 mol/l) [19] , indicating the participants were not zinc deficient, and, in the South African study, a high phytate content of maize-meal porridge may have compromised zinc absorption [20, 38] .
Overall, the evidence suggests that the use of a fortified manufactured baby food will benefit infant iron and vitamin A status. Nevertheless, the content of bioavailable iron and vitamin A, in the traditional diets that acted as control diets, may not have been optimal, because, except for the Ghanaian study [19] , they were not enriched with iron-or vitamin A-dense traditional foods. Because the nutritional benefits of using a fortified manufactured baby food compared with traditional foods alone are not confirmed, the trials evaluating the nutritional benefits of dietary diversification or modified food processing/preparation techniques were examined.
Dietary Diversification or Modified Food Processing/ Preparation Techniques
The benefits of using traditional diets that have been improved via dietary diversification or the use of traditional food processing/preparation techniques have been evaluated in 11 community-based intervention trials, using either quasi-experimental or randomized control designs (see tables 3 and 4). For vitamin A, results suggest that traditional foods will ensure adequate status as long as dietary fat intakes are sufficient. For example, in Burkino Faso, 2 years after the introduction of red palm oil, the vitamin A intakes of 12-to 36-monthold infants increased from 41 to 120% of safe intake levels, with a corresponding increase in mean serum retinol levels (0.55 vs. 0.64 mol/l; p ϭ 0.012) and a decrease in the proportion of low serum retinol values (13.0 vs. 7.6% Traditional vs. Manufactured Baby Foods serum retinol Ͻ0.35 mol/l; p ϭ 0.04) [27] . Similarly, using a stronger randomized control study design, after 4 months, significantly higher plasma retinol concentrations were observed in 2-to 7-year-old Gambian children consuming rehydrated dried mango with sunflower oil 5 days/week compared with children in the control group or the mango without added fat group [28] .
In two studies, the use of an iron versus an aluminium cooking pot has been shown to successfully improve infants' iron status. After 8 months [30] or 12 months [29] of cooking foods in an iron versus an aluminium pot, improvement in biochemical iron status (intervention effect of 13 g/l for hemoglobin and 12.7 g/l for ferritin among 407 Ethiopian children [29] and 1.3 g/l for hemoglobin, 6.8% for transferrin saturation and 7.9 fl for MCV among 45 Brazilian preterm infants [30] ) was observed with a corresponding increase in food iron content [29] . However, the rusting of iron pots was identified as a significant barrier against their long-term use [29] , and one can imagine that their heavy weight could also become a barrier. Furthermore, an increase in available iron was not observed for legumes cooked in an iron pot [29] , suggesting that, when traditional foods contain high levels of phytate, the strategy may be less effective.
Several trials have examined the benefits of using ␣-amylase to reduce the viscosity of thick gruels, which allows increased intakes of flour at one meal [31, 32, [39] [40] [41] . In carefully controlled, short-term crossover trials, significant increases in daily energy intakes (56-76%) were observed with amylasetreated versus nontreated infant gruels [39] [40] [41] . However, similar results were not shown in community-based trials conducted with infants in the Congo [31] and Tanzania [32] , which was attributed to intergroup differences in meal frequency [32] or in the number of additional foods consumed [31] . Furthermore, after a 3-month [31] or a 6-month [32] intervention period, when compared with controls, the consumption of an amylase-treated gruel did not result in significant improvements in growth [31, 32] or biochemical iron or zinc status [32, 42] . Apparently, when energy intakes are not constrained, infants regulate their daily energy intakes, which suggests that the nutritional benefits of consuming amylase-treated gruels will depend on their nutrient densities relative to those of foods displaced. Conclusions would perhaps differ in circumstances where infant energy intakes are constrained.
In contrast, to the above trials, those that have used an education-supported approach, which have promoted breastfeeding, the use of nutrient-dense traditional foods, especially animal source foods, and improved behavioral or hygiene practices have generally shown a positive growth response to the intervention (see table 3) [33] [34] [35] [36] [37] . In these trials, local health workers were trained to deliver the education messages, and in two studies the Integrated Management of Childhood Illnesses protocols and counseling techniques were used [33, 35] . In the studies reporting a dietary outcome, there were significant increases in intakes of energy comparing the intervention versus control groups, but not in intakes of iron, zinc or vitamin A [33] [34] [35] [36] , which often Ferguson/Darmon remained well below the WHO recommended levels [12] . Other important outcomes were improvements in maternal nutrition knowledge/practices and an increased consumption of nutrient-dense foods, especially animal source foods. Because nondietary as well as dietary changes were promoted in these studies, it is not known whether it was the use of nutrient-dense traditional foods alone or the adoption of other promoted practices that resulted in improved growth. The observed positive growth responses, despite small changes in energy and nutrient intakes, however, highlight the potential importance of promoting breastfeeding, good hygiene and behavioral practices in any intervention program.
The Safety of Using Manufactured Baby Foods Compared with Traditional Foods
During infancy, an important route of pathogen transmission, for diarrheal disease, is via the consumption of complementary foods that have been contaminated by flies/pests/animals, the food handler or contaminated eating utensils or water [1] . Risks, for food-borne illness, are particularly high when leftover foods are stored at ambient temperatures, for more than 3-4 h, without adequate reheating [1] . Thus, similar risks of exposure to food-borne contamination are likely for traditional foods and noninstant manufactured baby foods, and they may even be lower for noninstant manufactured baby foods packaged in single meal-sized sachets that avoid leftovers. A notable exception is when traditional foods are fermented, and the leftover manufactured baby foods or traditional foods are eaten without adequate reheating, because the low pH of fermented foods inhibits pathogenic bacterial growth [1] . In environments where water sources are contaminated, instant manufactured baby foods, which are prepared using water, are not safe.
The safety of locally produced manufactured baby foods will also rely on the presence of adequate government regulatory infrastructures to ensure the quality of the manufactured food [12] . Likewise, to avoid excessively high or inadequate levels of absorbed nutrients, the levels of fortification and their forms (i.e., bioavailable) must be strictly monitored. With the use of fortified manufactured baby foods, unlike traditional foods, there is also an increased risk of excessive nutrient intakes, especially of iron intakes, because fortification levels appropriate for 6-to 8-month-old infants exceed those of older infants [12] .
The safety of commercial manufactured baby foods also relies on the presence of effective government regulatory infrastructures to enforce the Code of Marketing Breast-Milk Substitutes and the Codex Alimentarius for Canned Baby Foods and for Processed Cereal-Based Foods for Infants and Children [43] . The safety of manufactured baby foods is compromised when they are marketed in ways that interfere with sustained breastfeeding or discourage Traditional vs. Manufactured Baby Foods the use of a variety of foods, which is important to facilitate a smooth transition to the family diet.
Finally, the higher cost of commercial manufactured baby foods compared with traditional foods may also compromise safety. For example, in situations where, as a cost-saving measure, manufactured baby foods are excessively diluted, this may result in very low densities of energy or nutrients compared with traditional foods and compromise nutritional status.
Conclusions
The provision of sufficient quantities of safe, nutritionally adequate and age-appropriate foods to complement breast milk intakes is essential. Evidence from food composition data, diet modeling and dietary surveys suggest that complementary feeding diets based on traditional foods alone will not achieve recommended nutrient density levels, especially for iron, calcium and zinc, because relative to estimated infant nutrient requirements, their contents in traditional foods are low. Thus, manufactured baby foods, if fortified, may have an important role to play in ensuring the nutrient adequacy of complementary feeding diets.
In both resource-constrained and affluent environments, studies show that manufactured baby foods are readily accepted. Likewise, randomized controlled intervention trials indicate that their use will likely result in improved biochemical iron status in comparison to traditional foods, although their effectiveness, if not freely available, will diminish, if as a costsaving measure, they are overdiluted. Contrary to iron, both vitamin A-fortified manufactured baby foods and vitamin A-rich traditional foods with added fat were efficacious in improving vitamin A status, whereas the use of fortified manufactured baby foods, in comparisons with traditional foods alone, did not consistently improve growth, biochemical zinc or riboflavin status. Indeed, a consistent growth response was only observed in education-supported intervention trials, which promoted breastfeeding, active infant feeding, hygiene and diet quality; this emphasizes the importance of understanding the underlying etiology of growth faltering and the benefits of a holistic approach.
Overall, as long as manufactured baby foods are available, affordable, fortified at appropriate levels with bioavailable fortificants and marketed safely, they potentially have an important role to play in improving the nutrient density of traditional complementary feeding diets and the iron status of infants. In urban environments, where there has been a shift away from traditional foods to street foods, there are distinct advantages in using low-cost fortified manufactured baby foods because of the associated health hazards or low nutritional quality of 'street foods' [44] . Conversely, in environments where affordable manufactured baby foods are not available or where there is an Ferguson/Darmon absence of effective governmental regulatory or distribution infrastructures, the use of nutrient-dense traditional foods is advised. In all environments, the promotion of breastfeeding, active feeding and high levels of hygiene is essential to ensure optimal nutritional status. 44 
Discussion
Dr. Guno: In your slide where you showed that there was increased consumption of fortified manufactured baby food over enriched foods and non-fortified foods, what were the factors that lead to the increased consumption? Was it palatability or was it the ease and convenience of preparation for the mothers?
Dr. Ferguson: I was not involved in these studies but from the literature I suspect that the ease of preparation and the perceived nutritional or health benefits of fortified manufactured baby foods may have contributed to their frequency of consumption in South Africa [1, 2] .
Dr. Kruger: I am from South Africa, and there is a perception among mothers that modern foods are better, which is an important factor.
Dr. Giovannini: In all the papers you looked at, did you find any correlation between education and intervention for the food, because education is important. In southeast Asia, for example in Cambodia, colostrum was thrown away because it was a different color from human milk, and in this case we found good education to be very useful. It is very important to educate public health workers in every part of developing countries. The other problem is conservation. When we speak about not homeprepared food, industrialized products may be safe and useful, but conservation may be very difficult. We have good results in using sprinkles due to good compliance. I think that compliance is the important thing. This is why we have to work in developing countries and publish the results. There are many studies in Africa but we don't have too much data from around the world, and it is very important to compare what happens in Asia, southeast Asia and Africa because the spirit of this is not only to give something but to teach, which is the hardest thing. We are now educating public health workers, which is sometimes very hard, but I think this may be the best way in these countries: teach the people to fish, do not give them a fish.
Dr. Ferguson: These are important comments. Of the intervention studies reviewed, those showing a positive growth response generally included an education component. Also, manufactured baby foods may benefit urban more than rural populations because of urban-rural differences in terms of education, food availability and working mothers' time. In rural areas, your experience with the use of sprinkles is of interest because it suggests that it may be easier to achieve high compliance with sprinkles than with foods.
Dr. Giovannini: The last is the cost. Dr. Ferguson: And the cost, yes. Dr. Ibe: The socioeconomic status of the mother has an effect on the use of manufactured food or even the use of traditional foods, and also traditional food is part of the local environment, that also has an effect. Dr. Ferguson: Most studies reviewed were conducted in poor rather than affluent environments, which would have limited the acceptability of some foods. The educationsupported studies put considerable effort into the selection of appropriate local foods, for example, eggs, chicken livers and shredded meat. However, in addition to the barriers of cost and availability, the amount of animal source foods, especially meat, an infant can consume is low [3] , which is perhaps another reason why improvements in dietary nutrient density, particularly for iron and zinc, were not seen.
Dr. Domellöf: As you said there are a number of studies now suggesting that it is very difficult to achieve the theoretical nutrient requirements using unfortified Traditional vs. Manufactured Baby Foods complementary foods. I wonder how you would explain that in terms of evolution and has this been described for animals?
Dr. Ferguson: Yes, it does seem unusual that it is difficult to achieve the theoretical iron nutrient requirements without the use of fortified foods. This raises the question of whether they have been overestimated. Theoretical iron requirements are estimated using a factorial approach [4] which relies on a limited number of studies, an assumed level of iron absorption, and an allowance for increased body iron stores. Thus estimated levels are set to exceed functional iron needs, and the data upon which they are based are limited. A second possibility is that prehistoric complementary feeding diets, which were consumed when nutrient requirement levels evolved, differed substantially in their contents of bioavailable iron from those of today. Modern diets, for example, are often based on cereals which can have a high phytate content, i.e., a potent inhibitor of iron absorption, especially if unrefined. Interestingly, in the studies reviewed, the use of iron-fortified foods generally had a beneficial effect on iron status, indicating that dietary iron requirements are indeed high.
Dr. Solomons: You mentioned a study that I was a part of by Schumann et al. [5] . After we tortured the data we did find a difference, we didn't find it in the whole sample, and it was for people who apparently had a low iron status that we found an effect. But what is important in evaluating so many studies is that there is a mixed population, some of whom cannot respond with benefit because they are already there, and that is one of the problems of looking at whole samples. With regard to evolution, clamping the cord is a relatively new human evolution. Births that are attended in the traditional way, that is where the placenta was born along with the child before separation and provided about 2 months more support of iron status; so getting to 6 months without developing anemia was easier if you didn't have your umbilical cord clamped immediately. The other thing on evolution is the work by Cordain et al. [6] in Colorado who say that we have only been agriculturists for the last 10,000 years. Before that we were pastoralist from 40,000 to 10,000 years and before that, from the beginning of evolution, we were hunter-gathers. In that culture, pre-masticated meat was presumably the complementary food; so it was our seeking stability to agriculture which prejudiced against our youngest children, and presumably that is a very new and cultural evolution in a very long human evolution. So where we went wrong was to become agriculturists according to Cordain et al. and rely on grains. It is great for older people but it doesn't get us from 6 to 24 months.
Dr. Ferguson: Also of interest, in New Zealand we observed a decline in serum ferritin levels across the 6-to 24-month age range which was negatively associated with cow's milk consumption (low iron food) and positively associated with iron-fortified milk consumption [7] . Thus even in affluent environments, where complementary feeding diets are not based on unrefined cereals, modern diets do not ensure optimal iron status.
Dr. Brown: I was impressed with the differences that you were showing when you compared the home-prepared diet versus the manufactured foods particularly with regard to growth outcomes. Could you speculate on why those two sets of studies may be producing two different sets of results? Just to describe the degree of skepticism I am always faced with when I try to promote traditional food-based interventions, and that is that the public health community simply doesn't believe that these are feasible in terms of being able to scale them up because of the intensity of formative research that is required and the intensity of the educational intervention itself. So I just wonder if you could speak on some of those feasibility issues.
Dr. Ferguson: These are two important issues to raise. The education-supported studies promoted dietary as well as non-dietary factors (e.g., hygiene, behavioral practices), which suggests that a holistic approach will improve growth more than a single Ferguson/Darmon food alone. In addition, several of the fortified foods evaluated (i.e., unrefined maize flours or cereal-soy blends) were probably high in phytate which may have inhibited zinc absorption and limited growth. Alternatively, as Dr. Solomons emphasized earlier, the children participating in these studies may have been unresponsive to a micronutrient intervention. In relation to your second comment, our work in Indonesia has also found that feasibility, availability and affordability were important barriers to a food-based approach. However, rather than discounting it as an important strategy, perhaps a combined approach including, for example, sprinkles and a food-based approach will result in more sustainable improvements.
